Introduction
============

Breast cancer is the most common female malignancy in the USA. Approximately 250,000 estimated new cases are diagnosed and over 40,000 annual deaths are reported each year. Breast cancer is the second leading cause of malignant deaths in American women.[@b1-bctt-9-313] A large proportion of breast cancer patients receive adjuvant radiation therapy (RT) in either the breast conservation or the postmastectomy setting to improve locoregional recurrence rates and overall survival.[@b2-bctt-9-313],[@b3-bctt-9-313] Patients undergoing RT to the intact breast or chest wall with or without regional lymph nodes typically receive 4--6 weeks of treatment, with radiation dermatitis anticipated as the most common acute side effect.[@b4-bctt-9-313],[@b5-bctt-9-313] This review focuses on the causes of radiation dermatitis, summarizes the preventative measures, and discusses the strategies for the management of radiation-related skin toxicity.

Radiation dermatitis: a historical perspective
==============================================

Soon after radiation was introduced as a therapeutic modality in the early 1900s, the effects of X-rays on skin were recognized as one of the major dose-limiting toxicities.[@b6-bctt-9-313],[@b7-bctt-9-313] Researchers began immediately examining techniques for reducing radiation-induced skin reactions. One of the earliest published examples comes from Gottwald Schwarz, who in 1909 showed that radiation injury to skin could be reduced by applying pressure to irradiated areas with direct compression.[@b8-bctt-9-313]

Initial radiobiologic discoveries pioneered by Regaud, Coutard, Reisner, Quimby, and others led to the realization that if radiation directed to the tumor is delivered in a fractionated manner, in which smaller daily doses are delivered to a higher total cumulative dose (instead of a large single fraction), the acute and late effects of radiation on the skin and other normal tissues are greatly reduced.[@b6-bctt-9-313] Improved understanding of the repair mechanisms of normal tissue relative to tumor has demonstrated that fractionated treatment improves the therapeutic ratio by allowing for normal tissue repair while still causing tumor cell death. Historically, physicians who utilized radiation for therapeutic purposes used the skin on their forearms to measure the degree of radiation exposure. Termed "erythema dose", this calibration mechanism was used to determine the lowest radiation dose that produced erythema on the exposed skin to approximate the radiation dose delivered per fraction.[@b9-bctt-9-313]

The development of megavoltage X-ray machines in the 1950s was a major advancement in the field of radiation oncology. Earlier radiation techniques used orthovoltage units that were known to deposit maximum radiation dose at the patient skin surface. In contrast, cobalt-60 radiation units and linear accelerators producing X-ray beams with energies of ≥4 MV were able to take advantage of a "skin-sparing" phenomenon, where higher energy X-rays resulted in lower doses to the skin. In fact, megavoltage X-rays are known to deposit maximal radiation dose at a certain depth, often millimeters or centimeters below the skin surface. As radiation beam energy increases, the depth of maximal dose deposition also increases, thereby further lowering the dose to the skin.[@b10-bctt-9-313]

Despite these historic advancements in our understanding of RT and its effects on normal tissue, radiation dermatitis continues to be one of the most common side effects of modern RT.

Pathophysiology
===============

The two main components of the skin are the superficial epidermis and the deeper dermis, each of which have unique structures and function and respond variably to radiation exposure.

Anatomy and function
--------------------

The primary function of the skin, particularly the epidermis, is to provide a protective barrier for the body from physical, chemical, infectious, and thermoregulatory threats. The epidermis is composed of the following four histologic layers (from deepest to most superficial): stratum basale, stratum spinosum, stratum granulosum, and stratum corneum.[@b11-bctt-9-313] Basal keratinocytes of the stratum basale are a stem cell population that asymmetrically divide to give rise to additional basal stem cells or daughter cells, which systematically differentiate into the more superficial epidermal layers.[@b12-bctt-9-313] The process of keratinocyte maturation and migration to the stratum corneum takes approximately 2 weeks and ultimately generates an anucleated flattened layer of keratin. Additional cellular types within the epidermis include melanocytes and Langerhans cells.

The dermis, which lies deep to the epidermis and basement membrane, is primarily composed of a collagen network produced by dermal fibroblasts that provide the skin with structural integrity.[@b11-bctt-9-313] The dermis contains various important cellular types that are not found in the epidermis. Rich vasculature and lymphatics within the dermis supply both the dermis and the overlying epidermis with nutrients. Immune cells such as macrophages and dermal dendritic cells survey the environment for foreign antigens and play an important role in wound healing. In addition, nerve endings, sebaceous glands, and hair follicles are all contained within the dermis. Impairment of proper skin function can lead to a loss of fluid and electrolyte balance; increased exposure of deeper tissues to dangerous chemicals, carcinogens, and infectious agents; and can disrupt core body temperature regulation.

Possible mechanisms of injury
-----------------------------

High-energy X-rays delivered during RT produce direct and indirect ionization events that lead to damage of cellular macromolecules, most importantly in the form of double-stranded DNA breaks.[@b6-bctt-9-313] Through this DNA damaging mechanism, RT affects all cellular types within the epidermis and dermis and leads to the clinical syndrome of radiation dermatitis. Within the epidermis, radiation-induced DNA damage disrupts the normal proliferation and differentiation of basal keratinocytes.[@b13-bctt-9-313]--[@b15-bctt-9-313] As a result, differentiated epidermal keratinocytes are depleted, and maintenance of this physical barrier is lost.

Radiation effects in the dermis are more complex. Hair follicles and sebaceous glands are sensitive to relatively low doses of radiation and lead to the acute effects of hair loss and skin dryness.[@b16-bctt-9-313] Microvascular injury within the dermis also contributes to both the acute and chronic skin effects of radiation.[@b17-bctt-9-313],[@b18-bctt-9-313] Proinflammatory cytokines and chemokines, such as interleukin (IL)-1, IL-6, IL-8, and tumor necrosis factor (TNF)-alpha, among others, have been found to play roles in immune cell activation, leukocyte transendothelial migration, and inflammatory edema.[@b19-bctt-9-313]--[@b22-bctt-9-313] Mast cell degranulation and histamine release also further the immune response and contribute to the clinical radiation dermatitis syndrome.[@b23-bctt-9-313] Radiation effects on dermal fibroblasts, mediated by transforming growth factor (TGF)-beta, are felt to be more important for late tissue fibrosis, rather than acute dermatitis.[@b24-bctt-9-313],[@b25-bctt-9-313]

Presentation and timing
=======================

Radiation dermatitis develops in a deterministic, dosedependent manner with predictable timing.[@b5-bctt-9-313],[@b16-bctt-9-313],[@b26-bctt-9-313],[@b27-bctt-9-313] The acute phase of radiation dermatitis is typically defined as occurring within 30--90 days of radiation exposure.[@b27-bctt-9-313],[@b28-bctt-9-313] The most common skin changes seen as a result of acute radiation dermatitis are illustrated in [Figure 1](#f1-bctt-9-313){ref-type="fig"} and [Table 1](#t1-bctt-9-313){ref-type="table"}.

Mild erythema is typically the first clinically apparent skin change after breast radiation. Within hours of radiation exposure, an early, faint, and transient erythema can sometimes be appreciated.[@b16-bctt-9-313] The most conventional skin reaction, however, occurs approximately 10--14 days after initiation of treatment and often will progressively worsen throughout the course of treatment.[@b29-bctt-9-313] Reminiscent of a "sunburn", the skin reaction can evolve to include symptoms of edema, dryness, burning, itching, tenderness, and hyperpigmentation. Skin or nipple-areolar hyperpigmentation often occur approximately 2--3 weeks after treatment initiation,[@b27-bctt-9-313] particularly in patients with increased melanin content. If there are hair follicles in the irradiated field, epilation is also seen in this time frame. The dose ranges for these effects occur approximately between 6 and 20 Gy.[@b5-bctt-9-313]

Desquamation, either dry or moist, is typical of higher radiation doses and classically appears in the later portions of a radiation treatment course. Dry desquamation can occur at doses above 20 Gy and is characterized by peeling of dry, scaly skin and may not particularly add to patient symptomatology. Moist desquamation, however, is painful and a result of destruction and sloughing of dermal layers. It is also characterized by serous fluid drainage, or " weeping", which is typically only experienced after cumulative doses in excess of 30 Gy.[@b5-bctt-9-313] Moist desquamation often begins as small patches in skin folds and can progress to involve larger, confluent areas of irradiated skin. These symptoms are most pronounced in the axilla and inframammary fold and peak in intensity 1--2 weeks after the completion of the radiation treatment course.[@b29-bctt-9-313]--[@b31-bctt-9-313]

The resolution of acute dermatitis requires the repopulation of epidermal keratinocytes and reversal of the immune response cascade. Re-epithelialization begins at approximately day 10 and competes with ongoing radiation damage to maintain homeostasis of the epidermal layer.[@b5-bctt-9-313],[@b32-bctt-9-313] Once radiation treatments are complete, the majority of symptoms usually resolve 2--4 weeks following the end of treatment.[@b33-bctt-9-313],[@b34-bctt-9-313] Hyperpigmentation may last for several months but does eventually resolve over time.[@b35-bctt-9-313] Late effects of radiation such as fibrosis or telangiectasias can appear months to years after the completion of radiation but are outside of the scope of this article.

Assessment and scoring
======================

Several grading scales exist to aid in the reproducible quantification of acute radiation dermatitis. The Radiation Therapy Oncology Group/European Organization for Research and Treatment of Cancer (RTOG/EORTC) toxicity criteria and National Cancer Institute Common Toxicity Criteria for Adverse Events (NCI CTCAE) systems are the most commonly used ([Table 2](#t2-bctt-9-313){ref-type="table"}).[@b4-bctt-9-313],[@b36-bctt-9-313],[@b37-bctt-9-313]

Since the majority of cases of breast radiation dermatitis fall within the RTOG/EORTC and NCI CTCAE range of grade 1 or grade 2, additional scoring systems which are more nuanced have been explored to better evaluate radiation skin reactions.[@b38-bctt-9-313] Examples include a modified CTCAE scale which subdivides grade 2 toxicities into three subcategories based on the presence of erythema, dry desquamation, or wet desquamation;[@b39-bctt-9-313],[@b40-bctt-9-313] a modified RTOG scale which subdivides grade 2 toxicities into two categories;[@b41-bctt-9-313],[@b42-bctt-9-313] the Radiation-Induced Skin Reaction Assessment Scale (RISRAS) which individually scores the extent and severity of erythema, dry desquamation, moist desquamation, and necrosis;[@b43-bctt-9-313],[@b44-bctt-9-313] and the 10-point Catterall skin scoring profile.[@b31-bctt-9-313],[@b45-bctt-9-313]

Patient-reported symptoms of radiation dermatitis are arguably more important than physician ratings. The RISRAS noted above also incorporates a patient component which focus on skin tenderness, itchiness, burning, and functional activity.[@b43-bctt-9-313] Six-point Likert scales quantifying symptoms are also in use.[@b31-bctt-9-313] Other quality of life assessments also exist, such as the EORTC breast cancer-specific quality of life questionnaire (QLQ-BR-23) and the Functional Assessment of Cancer Therapy-Breast (FACT-B).[@b46-bctt-9-313],[@b47-bctt-9-313] Only a small minority of the latter assessments are specific to symptoms of breast-related radiation dermatitis, however.

Patient and treatment-related risk factors
==========================================

Risk factors that predispose to the development of acute breast dermatitis have been carefully studied. These can be generally divided to patient characteristics or radiation treatment technique categories.

Patient factors
---------------

Larger breast size was among the earliest patient characteristics to be identified as a risk factor for acute skin toxicity. Prospectively confirming our general clinical experience when treating smaller versus larger breast cup sizes, a study at the Royal Marsden Hospital demonstrated that women with larger breast sizes were nearly five times more likely to experience acute skin reaction,[@b30-bctt-9-313] a finding that has since been consistently reproduced by others.[@b29-bctt-9-313],[@b34-bctt-9-313],[@b48-bctt-9-313] Patient body mass index (BMI) has also been shown to be independently associated with increased risk of acute skin toxicity, including moist desquamation.[@b40-bctt-9-313],[@b49-bctt-9-313] As mentioned above, the worst skin reactions are seen in the inframammary and axillary folds. It is hypothesized that a greater self-bolusing effect increases the toxicity to these regions, where the skin-sparing effects of megavoltage radiation beams are negated due to the buildup of skin-on-skin. This is particularly important in patients with large breast size and/or high BMIs as the areas with skin-on-skin overlap are the greatest. As detailed in the next section, increased field size/separation in these patients also can lead to dosimetric effects.

Additional patient factors such as the degree of friction due to normal arm movement, the texture and types of clothing items worn, and a build-up of perspiration can contribute to skin reaction. Racial differences and menopausal status have also been linked to radiation dermatitis risk, with significantly higher rates of moist desquamation demonstrated in black and postmenopausal women in one prospective study.[@b39-bctt-9-313] The effects of smoking on radiation induced skin reactions have been mixed, and no conclusions can be drawn from the existing data.[@b40-bctt-9-313],[@b50-bctt-9-313] Lastly, rare genetic syndromes with associated underlying mutations in genes specifically involved in the DNA-repair response can result in severe acute radiosensitivity. Examples of such syndromes include Ataxia-Telangiectasia, Nijmegen Breakage Syndrome, and Fanconi Anemia.[@b51-bctt-9-313]

Treatment-related factors
-------------------------

A major evolution in breast radiation treatment stemmed from the discovery that techniques that deliver a more uniform, homogenous radiation dose across breast tissue result in significantly less acute and long-term skin toxicity. Studies have now established that compared to older two-dimensional (2D) techniques (for which radiation treatment planning was generated using a single axial cut across the central axis, or mid-center of the breast), three-dimensional (3D) treatment planning significantly diminishes radiation-induced skin reactions. 3D techniques account for changes in breast contour above and below the central axis to reduce inherent radiation "hot-spots". These "hot-spots" regions, where radiation is delivered above the prescription dose, are known to increase the risk of radiation dermatitis, as are breast regions receiving beyond 45 Gy.[@b49-bctt-9-313],[@b52-bctt-9-313]

"Field-in-field" 3D techniques or breast intensity-modulated radiation therapy (IMRT) are two methods that allow for multiple smaller radiation fields (within larger traditional tangential fields) to be used to decrease breast inhomogeneity. The use of these techniques is now considered standard-of-care for all centers that have 3D treatment capabilities. Prospective trials of 3D/IMRT technique have shown improved rates of hyperpigmentation, edema, and moist desquamation;[@b29-bctt-9-313],[@b53-bctt-9-313] diminished durations and severity of radiation dermatitis reactions in the acute setting;[@b38-bctt-9-313] and have resulted in significantly reduced long-term skin changes and fibrosis that are associated with breast radiation.[@b54-bctt-9-313]

Alternative treatment techniques, such as prone positioning, have also been explored with regards to the ability to improve breast dose homogeneity and acute dermatitis outcomes. Indeed, prone positioning for large-breasted women improves dose distribution, reduces radiation "hot-spots", and lowers the incidence of breast dermatitis including moist desquamation.[@b55-bctt-9-313] Prone positioning can be combined with 3D/IMRT techniques for optimal dose distribution ([Figure 2](#f2-bctt-9-313){ref-type="fig"}). Of note, given the increased cost and uncertain long-term disease control outcomes when compared to 3D treatment techniques, the expanding use of IMRT for the treatment of early-stage breast cancer has been criticized.[@b56-bctt-9-313]

Lastly, the use of hypofractionationated breast radiation is increasing.[@b57-bctt-9-313] Hypofractionation delivers a slightly higher *daily* dose of radiation to an overall biologically equivalent *total* dose, which ultimately results in shorter treatment time (from 5--6 to 3--4 weeks). Based on radiobiologic models of radiation response of breast tumor cells and late normal breast tissue effects, prospective randomized trials were designed to assess the use of shorter fractionation schemas for efficacy and toxicity. These trials have now consistently demonstrated that the use of hypofractionated whole breast radiation in breast cancer results in similar long-term outcomes to that of standard fractionation, without any evidence of increased toxicity with the higher daily fraction size.[@b58-bctt-9-313]--[@b60-bctt-9-313] Furthermore, differences in acute radiation effects have been prospectively evaluated for hypofractionated versus standard fractionated treatment courses, and in fact, these data suggest that hypofractionation portends improvements in the rates of dermatitis, pruritus, hyperpigmentation, and breast pain in the acute setting.[@b61-bctt-9-313]

Management challenges
=====================

As detailed below, many randomized trials have been performed in an attempt to identify ideal management practices for the prevention and treatment of radiation dermatitis. Despite the increasing availability of randomized evidence, many factors have limited the applicability of these studies to the general breast cancer population. A majority of the literature is from small, single-institution studies with limited power to detect differences between treatment and control arms. A lack of consensus on what constitutes standard of care causes study control arms to vary between no treatment and one of many placebo creams or ointments. Other studies have directly compared two treatments without a no treatment or placebo group, thus comparisons across trials has been difficult. Furthermore, the use of different dermatitis assessment tools and the inconsistent selection of study end-points has added to the complexity. Finally, all of these studies are challenged with the failure to control for variables that are known to predispose to radiation dermatitis such as breast size, BMI, or radiation treatment techniques.

Historically, recommendations for the prevention and treatment of radiation dermatitis were based on the personal and anecdotal experiences of radiation oncologists, radiation therapy nurses, or patient preferences. In 2006, a systematic review published by the Cancer Care Ontario's Supportive Care Guidelines Group concluded there was insufficient evidence to support the use of any topical agent for radiation dermatitis prevention.[@b62-bctt-9-313] Subsequently, additional studies have been added to the body of literature and have been informative for identifying general principles of skin care during RT treatment. While the available literature has not clearly defined optimal treatment of radiation dermatitis based on high-level evidence, it is important to recognize that recommendations in use today, in practice, have not been found to cause any harm or interact negatively with RT.

Evidence for radiation dermatitis prevention
============================================

There are several categories of agents used for prevention of radiation-induced skin reactions that have been evaluated in breast cancer patients. The vast majority are used to provide anti-inflammatory, antimicrobial, and moisturizing properties, though their efficacy in prevention of skin reactions has not been consistently demonstrated across studies.

Topical steroids
----------------

Multiple prospective randomized trials have established that topical corticosteroids are effective for diminishing radiation dermatitis in breast cancer patients. An early study in 2001 by Boström et al tested the effect of mometasone furoate for radiation dermatitis prevention. Of the 49 patients randomized to receive either intermittent mometasone or a placebo emollient cream, physician-rated levels of erythema were statistically lower in patients receiving topical steroid therapy.[@b63-bctt-9-313] These results have been validated in two larger, more recent studies that also tested the efficacy of mometasone furoate.[@b41-bctt-9-313],[@b64-bctt-9-313] Importantly, the confirmatory studies were performed using validated assessment tools and showed improvements in patient-reported outcomes with mometasone use during RT.

Similarly, patients using betamethasone were found in randomized trials to have diminished dermatitis when compared with placebo.[@b65-bctt-9-313],[@b66-bctt-9-313] The preventative effect of betamethasone on radiation dermatitis has been seen in both conventional and hypofractionated radiation settings.[@b67-bctt-9-313] Mometasone and betamethasone have not been directly compared to one another.

Nonsteroidal agents
-------------------

In contrast to recent studies that have consistently shown improvements in radiation dermatitis with topical corticosteroids, many nonsteroidal agents have failed to show a clear benefit when tested prospectively. A large study of 350 patients tested the use of sucralfate or aqueous cream compared to no cream in patients with multiple cancer types, of which 75% of patients had breast cancer.[@b68-bctt-9-313] Mean weekly RTOG dermatitis scores were not improved with the use of either cream compared to no treatment. Patient-reported symptoms were also not significantly different between the three arms. Multiple studies have shown that the use of aloe vera gel is ineffective in reducing both physician and patient-reported acute skin reactions when compared with placebo or no treatment.[@b31-bctt-9-313],[@b69-bctt-9-313] In one study, patients actually had worse breast pain and dry desquamation when using aloe vera.[@b70-bctt-9-313] Hyaluronic acid similarly worsened rates of grade 2+ dermatitis when compared with control petrolatum gel in one trial, although others have shown no difference between hyaluronic acid and simple emollient.[@b71-bctt-9-313],[@b72-bctt-9-313]

Some nonsteroidal agents have shown promise. Silver sulfadiazine cream 3 days per week during RT and for 1 week after was shown to result in overall reduced RTOG dermatitis rates compared to a control no intervention group.[@b73-bctt-9-313] Lower rates of acute grade 2+ dermatitis have been seen with calunda ointment, extracted from the *Calendula officinalis* plant and traditionally used as a topical anti-inflammatory agent in wound healing, when compared to trolamine.[@b74-bctt-9-313] Furthermore, these data suggest a reduction in breast pain and need for treatment breaks with calendula use. Unfortunately, these benefits of calendula were not replicated in a more recent larger trial.[@b75-bctt-9-313] Similarly, the use of trolamine, another topical anti-inflammatory lotion, was compared to best supportive care in a study of 172 patients breast cancer patients and was unable to demonstrate any differences in time to radiation dermatitis, maximum RTOG dermatitis score, or duration of dermatitis.[@b34-bctt-9-313]

Barrier products for dermatitis prevention
------------------------------------------

Initial prevention studies of spray-on barrier films such as 3M Cavilon No-Sting Barrier Film were shown to reduce rates of moist desquamation, pain, and pruritus when compared to glycerin creams.[@b76-bctt-9-313] Mepitel Film also showed promise as a preventative barrier product for reducing moist desquamation rates.[@b77-bctt-9-313] Due to the inherent physically apparent differences between the barrier films and creams, blinding of patients or physicians is not possible. However, an attempt was made to evaluate these barrier methods in a blinded manner by a study that compared glycerin cream to 3M Cavilon Durable Barrier Cream, both specifically designed as cream-based applications. Unfortunately, however, this study also failed to demonstrate any differences in skin reactions between the two film and placebo products.[@b78-bctt-9-313]

Preclinical data
----------------

Preclinical models are being used to discover novel strategies for prevention of radiation dermatitis. Pravastatin, better known for its effects on cholesterol levels, has known anti-inflammatory properties via inhibition of endothelial cell activation, cytokine production, and leukocyte migration. When tested in cell culture and mouse models of radiation-induced inflammation and radiation skin injury, pravastatin has shown promise as a future therapy.[@b79-bctt-9-313],[@b80-bctt-9-313] Plant derivatives curcumin and esculentoside A have been found to reduce acute cutaneous damage in irradiated mice.[@b81-bctt-9-313],[@b82-bctt-9-313] Most recently, a study of topical adrenergic vasoconstrictors such as epinephrine were shown to confer a dose-dependent prevention of radiation dermatitis in mice, with the highest doses causing complete protection.[@b83-bctt-9-313] Whether these findings will translate to humans during a course of fractionated daily radiation remains unclear.

Management of skin during breast RT
===================================

Treatment of radiation dermatitis is recommended in patients who develop symptoms, despite preventative measures, particularly if moist desquamation occurs. However, in contrast to the relatively large number of clinical trials in the context of radiation dermatitis prevention, fewer trials have been performed for radiation dermatitis treatment. Management guidelines have been published to assist clinicians with evidence-based interventions for radiation dermatitis.[@b62-bctt-9-313],[@b84-bctt-9-313],[@b85-bctt-9-313] Not surprisingly, given the limited high-quality evidence for or against many of the available treatment options, disagreements regarding optimal management remain. Nevertheless, general guiding principles can be followed, as reviewed below, and summarized in [Table 3](#t3-bctt-9-313){ref-type="table"}.

Skin washing
------------

Historically, concerns that washing with soap and water could cause mechanical trauma and worsen of radiation dermatitis resulted in recommendations against washing in the radiation treatment fields. Subsequently, these long-standing recommendations have been challenged in randomized trials. The first of these trials randomized patients to no washing, washing with water alone, or washing with soap and water. Patients who used soap and water had significant reductions in itching at the end of treatment and reduced erythema and desquamation scores 6--8 weeks following treatment, findings that were independent of other confounding factors such as bolus use.[@b86-bctt-9-313] The second study randomized approximately 100 patients to washing with soap and water versus no washing and reported higher incidence of moist desquamation in the no washing group (33% vs. 14%) and higher median scores for pain, itching, and burning, although these results were not statistically significant.[@b87-bctt-9-313]

Although the data supporting the use of soap and water in the radiation fields are somewhat limited, recommendations have nevertheless evolved such that patients are commonly advised to wash their skin daily with warm water and soap while avoiding scrubbing of the skin. Generally, the use of mild pH-neutral or nonalkaline soaps is recommended.[@b88-bctt-9-313] When recommending specific brands of soaps, one historic study conducted in the late 1970s evaluated the irritating effects of 18 different soaps using a soap chamber and found the mildest to be Dove (Unilever, London, UK).[@b89-bctt-9-313] Recommendation of this soap (unscented) is still in practice today.

Deodorant and antiperspirant use
--------------------------------

The use of deodorants and antiperspirants were also historically discouraged for breast cancer patients as it was felt that the metallic-based formulations would increase the skin reaction when interacting with radiation, and furthermore, that the actual application could potentially create a bolus effect and increase skin dose. An important study by Burch et al assessed the surface dose of 15 solid, roll-on, and spray deodorant products and found no increase in surface dose with normal application, although higher surface doses did result from "thick application", which was defined as five times the normal application thickness. Furthermore, the authors challenged the previous assumptions that products containing magnesium, aluminum, or zinc would increase skin reaction by demonstrating no difference between metallic and nonmetallic deodorant products.[@b90-bctt-9-313] Subsequently, controlled studies assessing the toxicity of deodorant use during breast radiation have consistently found no evidence of worse skin outcomes with deodorant use, changing the paradigm of prohibiting deodorant use during radiation.[@b91-bctt-9-313]--[@b94-bctt-9-313]

Based on these and other findings, it is generally felt that any enhanced skin reaction with normal use of deodorant products use may be related to the irritating chemical ingredients within the product itself, rather than the metallic content or bolus effect when applied with standard thickness.[@b95-bctt-9-313],[@b96-bctt-9-313] Hence, usual hygiene with washing *and* the use of a deodorant are labeled as "recommended for practice" by the Oncology Nursing Society's Putting Evidence into Practice (PEP).[@b84-bctt-9-313]

Barrier products for dermatitis treatment
-----------------------------------------

Moist environments promote wound healing by increasing the rate of tissue re-epithelialization.[@b97-bctt-9-313] Cutaneous barriers are commonly used as they provide moisture and protect skin from developing secondary infections. Conflicting results from prospective comparisons of dressings, however, have not conclusively identified a standard treatment. Several studies have directly compared hydrocolloid dressings to gentian violet, an anti-microbial solution historically used for open wounds. While one study showed a significant reduction in the time to skin healing with hydrogel dressings (12 days vs. \>30 days),[@b98-bctt-9-313] other studies have not shown a difference.[@b99-bctt-9-313] A separate comparison of hydrogel dressings versus dry dressings concluded that healing times were prolonged with hydrogel dressings.[@b50-bctt-9-313] For erythema without desquamation, Mepilex dressings reduced skin erythema severity compared to aqueous cream alone.[@b44-bctt-9-313] For the rare instance of radiation toxicity with deep dermal involvement, literature from the breast oncology field is limited. Such wounds should be treated using thermal burn paradigms, with biologic dressings such as AlloDerm.

Management of desquamation
--------------------------

In some patients, desquamation may occur irrespective of use of radiation delivery techniques to reduce skin reactions and diligence with prophylactic skin management methods during the course of RT. In these instances, the classification of the desquamation as either moist or dry is critical to its management. Dry desquamation, which is commonly associated with surface flaking of the stratum corneum, is in and of itself not a cause of concern but should be moisturized and kept clean and dry.

In some cases, dry desquamation can progress to moist desquamation, which characteristically demonstrates moist exudates in the desquamated portions of the irradiated skin. In this instance, it is important to assess and document the size of the desquamated area and its location(s), the type of tissue at the wound base (necrotic, granular, or eschar), and the presence and amount of any exudate. Patients should be treated with saline soaks using normal saline compresses up to four times daily.[@b100-bctt-9-313] The use of moisture-retentive, barrier ointments after each saline soak, such as aquaphor, use of hydrogels, and use of absorbent dressings over nonadherent dressings are encouraged. Open areas can similarly be protected with nonadherent dressings to provide protection and diminish friction.

Furthermore, patients should be monitored closely and be evaluated daily when experiencing moist desquamation, as signs and symptoms can change rapidly over the course of hours to days. Patients should be observed for clinical signs of infection such as fever, foul-smelling or purulent odor, drainage, and/or swelling or pain extending outside the treatment area. Pain can be managed with analgesics (over the counter and/or prescription) based on the level of symptoms as assessed by the caregiver. For signs of infection, wounds and discharge should be cultured, and antibiotics should be empirically started until culture results are received.

Conclusion
==========

Despite our increasing awareness and understanding of the side effects of radiation treatment in breast cancer, radiation dermatitis continues to be among the most common side effects. In order to effectively manage patients with radiation dermatitis, one must be aware of the expected appearance and timing of symptoms, the appropriate scoring systems for properly monitoring symptom severity over time, and should follow evidence-based guidelines for treatment when possible. Future therapies that may become available for radiation dermatitis will need to be thoroughly tested in well-designed randomized trials to properly identify best practices.
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![Common skin reactions in patients receiving breast radiation therapy.\
**Notes:** (**A**) Follicular reaction with pruritus. (**B**) Skin erythema and edema. (**C**) Dry desquamation in axillary fold. (**D**) Moist desquamation in inflammatory fold.](bctt-9-313Fig1){#f1-bctt-9-313}

![Illustration of a three-dimensional prone radiation treatment plan for a patient with large breast size.\
**Notes:** (**A**) Homogeneous radiation dose is shown in dose color wash. Red indicates areas receiving prescription dose; blue indicates area of lowest dose. (**B**) Beam's eye view of a single radiation subfield, designed as part of the "field-in-field" treatment design in the prone position.](bctt-9-313Fig2){#f2-bctt-9-313}

###### 

Clinical symptoms of acute radiation dermatitis

  Skin reaction        Onset       Dose threshold (Gy)
  -------------------- ----------- ---------------------
  Erythema             7−10 days   6−10
  Dry desquamation     3−4 weeks   20−25
  Moist desquamation   4+ weeks    30−40
  Ulceration           5+ weeks    \>40

###### 

Acute radiation dermatitis scoring systems

                                                     0           1                                                                 2                                                                                           3                                                                                     4                                                                                                                    5
  -------------------------------------------------- ----------- ----------------------------------------------------------------- ------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------- -------
  CTCAE[\*](#tfn1-bctt-9-313){ref-type="table-fn"}   No change   Faint erythema, dry desquamation                                  Moderate erythema or edema, patchy moist desquamation, confined to skin folds and creases   Moist desquamation in areas other than skin folds, bleeding induced by minor trauma   Life-threatening consequences, full thickness skin necrosis/ulceration, spontaneous bleeding, skin graft indicated   Death
  RTOG                                               No change   Faint erythema, dry desquamation, epilation, decreased sweating   Tender or bright erythema, moderate edema, patchy moist desquamation                        Moist desquamation in areas other than in skin folds, pitting edema                   Ulceration, hemorrhage, necrosis                                                                                     Death

**Notes:**

Version 4.03. No changes are proposed for version 5.0.

**Abbreviations:** RTOG, Radiation Therapy Oncology Group; CTCAE, European Organization for Research and Treatment of Cancer.

###### 

Summary of recommendations for radiation dermatitis evaluation and treatment

  ----------------------------------------------------------------------------------------------
  **Preradiotherapy assessment:**
  Screen patient for radiation hypersensitivity syndromes
  Assess for use of medications (eg, chemotherapy) with potential to cause dermatitis
  Examine patient for baseline RTOG/CTCAE dermatitis score
  **Patient recommendations during treatment:**
  Protect skin from sun exposure
  Minimize skin trauma from excessive movement, exposure to extreme temperatures, or adhesives
  Gently wash skin with mild soap and water
  Apply deodorant/antiperspirant as needed
  **Radiation treatment planning:**
  Three-dimensional dosimetric planning with use of field-in-field or IMRT techniques
  Improve dose homogeneity to minimize "hot spot" regions
  Consider prone positioning for large-breasted women
  Consider hypofractionated treatment if otherwise indicated
  **Practices for radiation dermatitis prevention and treatment:**
  Skin emollients (not immediately before RT)
  Topical steroids (eg, mometasone, betamethasone) for prevention
  Consider nonsteroidal agents (eg, silver sulfadiazine, calendula ointment, barrier films)
  Consider protective dressings for areas of moist desquamation
  Monitor for and treat secondary infections if necessary
  Provide reassurance, monitor symptoms for resolution
  ----------------------------------------------------------------------------------------------

**Abbreviations:** RTOG/CTCAE, Radiation Therapy Oncology Group/European Organization for Research and Treatment of Cancer; IMRT, intensity-modulated radiation therapy; RT, radiotherapy.
